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(57) ABSTRACT

An analytical test strip for the determination of an analyte
(such as glucose and/or hematocrit) 1n a bodily flmd sample
(such as a whole blood sample) includes a first capillary
sample-receiving chamber, a second capillary sample-recerv-
ing chamber, and a physical barrier 1sland disposed between
the first and second capillary sample-receiving chambers.
Moreover, the physical 1sland barrier 1s disposed such that
bodily fluid sample flow between the first capillary sample-
receiving chamber and the second capillary sample-receiving,
chamber 1s prevented during use of the analytical test strip.

10 Claims, 6 Drawing Sheets
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[600

APPLYING A BODILY FLUID SAMPLE TO
AN ANALYTICAL TEST STRIP SUCH THAT THE

BODILY FLUID SAMPLE FILLS FIRST AND

SECOND CAPILLARY SAMPLE-RECEIVING 610
CHAMBERS OF THE ANALYTICAL TEST STRIP
AND |S PREVENTED FROM FLOWING
THERE BETWEEN BY A PHYSICAL BARRIER
ISLAND OF THE ANALYTICAL TEST STRIP

MEASURING A FIRST RESPONSE OF THE 620
ANALYTICAL TEST STRIP

DETERMINING AN ANALYTE IN THE 630
BODILY FLUID SAMPLE BASED ON THE
MEASURED FIRST RESPONSE

MEASURING A SECOND RESPONSE OF THE 640
ANALYTICAL TEST STRIP

DETERMINING A CHARACTERISTIC OF THE
BODILY FLUID SAMPLE BASED ON THE 650
MEASURED SECOND RESPONSE
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ANALYTICAL TEST STRIP WITH
CAPILLARY SAMPLE-RECEIVING
CHAMBERS SEPARATED BY A PHYSICAL
BARRIER ISLAND

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates, in general, to medical
devices and, in particular, to analytical test strips and related
methods.

2. Description of Related Art

The determination (e.g., detection and/or concentration
measurement) of an analyte 1n a fluid sample and/or the
determination of a characteristic of a fluid sample (such as
haematocrit) are of particular interest 1n the medical field. For
example, 1t can be desirable to determine glucose, ketone
bodies, cholesterol, lipoproteins, triglycerides, acetami-
nophen and/or HbA1c concentrations 1n a sample of a bodily
fluid such as urine, blood, plasma or iterstitial fluid. Such
determinations can be achieved using analytical test strips,
based on, for example, visual, photometric or electrochemical
techniques. Conventional electrochemical-based analytical
test strips are described 1n, for example, U.S. Pat. Nos. 3,708,
247, and 6,284,123, each of which 1s hereby incorporated 1n
tull by reference.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated
herein and constitute part of this specification, 1llustrate pres-
ently preferred embodiments of the invention, and, together
with the general description given above and the detailed
description given below, serve to explain features of the
invention, in which:

FI1G. 1 1s a ssmplified exploded view of an electrochemical-
based analytical test strip according to an embodiment of the
present invention;

FIG. 2 1s a sequence of simplified top views of the various
layers of the electrochemical-based analytical test strip of
FIG. 1;

FIG. 3 1s a simplified top view representation of the sub-
strate layer and spacer layer of the electrochemical-based
analytical test strip of FIG. 1;

FI1G. 4 1s a stmplified side view of a portion of the electro-
chemical-based analytical test strip of FIG. 1 that, for clarity,
omits the reagent layer, patterned insulation layer and pat-
terned conductor layer thereof;

FIG. 5 1s a simplified top view of the electrochemical-
based analytical test strip of FIG. 1 depicting various compo-
nents thereof; and

FIG. 6 15 a flow diagram depicting stages in a method for
determining an analyte 1n a bodily fluid sample according to
an embodiment of the present invention.

DETAILED DESCRIPTION OF ILLUSTRATIV.
EMBODIMENTS

(L]

The following detailed description should be read with
reference to the drawings, in which like elements 1n different
drawings are 1dentically numbered. The drawings, which are
not necessarily to scale, depict exemplary embodiments for
the purpose of explanation only and are not intended to limit
the scope of the invention. The detailed description illustrates
by way of example, not by way of limitation, the principles of
the invention. This description will clearly enable one skilled
in the art to make and use the invention, and describes several
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2

embodiments, adaptations, variations, alternatives and uses
of the invention, including what 1s presently believed to be the
best mode of carrying out the invention.

As used herein, the terms “about”™ or “approximately” for
any numerical values or ranges indicate a suitable dimen-
sional tolerance that allows the part or collection of compo-
nents to function for 1ts intended purpose as described herein.

In general, analytical test strips (e.g., electrochemical-
based analytical test strips) for the determination of an ana-
lyte (such as glucose and/or hematocrit) in a bodily fluid
sample (for example, whole blood) according to embodi-
ments of the present invention include a first capillary
sample-recerving chamber, a second capillary sample-recerv-
ing chamber, and a physical barrier 1sland disposed between
the first and second capillary sample-receiving chambers.
Moreover, the physical 1sland barrier 1s disposed such that
bodily fluid sample tflow between the first capillary sample-
receiving chamber and the second capillary sample-recerving,
chamber 1s prevented during use of the analytical test strip.

Analytical test strips according to embodiments of the
present mvention are beneficial i that, for example, the
physical barrier 1sland serves to maintain the fluidic integrity
of the first and second capillary sample-receiving chambers
while also being easily manufactured. Such fluidic integrity
beneficially prevents mixing of reagents and reaction byprod-
ucts between the first and second capillary sample-receiving,
chambers that can lead to maccuracies in analyte or bodily
fluid sample characteristic determination. Moreover, since
the physical barrier 1sland can be relatively small, sample
application openings for the first and second capillary sample
application chambers can be juxtaposed close to one another
(for example, separated by a distance of approximately 250
microns that can be operatively bridged by a whole blood
sample of approximately 1 micro-liter) such that the single
application of a bodily fluid sample bridges both sample
application opemings and {ills both the first and the second
capillary sample-recerving chambers. Furthermore, the
physical barrier 1sland can be manufactured in a relatively
simple and inexpensive manner using manufacturing conven-
tional techniques.

FIG. 11s a simplified exploded view of an electrochemical-
based analytical test strip 100 according to an embodiment of
the present mvention. FIG. 2 15 a sequence of simplified top
views ol the various layers of electrochemical-based analyti-
cal test strip 100. FIG. 3 1s a simplified top view representa-
tion of the substrate layer and spacer layer (a portion of which
1s configured as a physical barrier 1sland) of electrochemical-
based analytical test strip 100. FI1G. 4 15 a simplified side view
of a portion of electrochemical-based analytical test strip 100
that, for clarity, omits the reagent layer, patterned insulation
layer and patterned conductor layer thereof. FIG. 5 1s a sim-
plified top view of electrochemical-based analytical test strip
100 depicting various components, including the electrodes,
thereof.

Retferring to FIGS. 1-5, electrochemical-based analytical
test strip 100 for the determination of an analyte (such as
glucose) 1n a bodily fluid sample (for example, a whole blood
sample) includes an electrically-insulating substrate layer
120, a patterned conductor layer 140, a patterned insulation
layer 160 with electrode exposure window 180 therein, an
enzymatic reagent layer 200, a patterned spacer layer 220 that
includes a physical barrier 1sland 220a, a hydrophilic layer
240, and a top layer 260.

The disposition and alignment of electrically-insulating,
substrate layer 120, patterned conductor layer 140 (which a
variety of electrodes 140a, see F1G. 5 1 particular), patterned
insulation layer 160, enzymatic reagent layer 200, patterned
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spacer layer 220 (and physical barrier 1sland 220a thereot),
hydrophilic layer 240 and top layer 260 of electrochemical-
based analytical test strip 100 are such that a first capillary
sample-recerving chamber 262 and a second capillary
sample-receiving chamber 264 of electrochemical-based
analytical test strip 100 are defined.

Physical barrier 1sland 220q 1s disposed between first cap-
illary sample-recerving chamber 262 and second capillary
sample-receiving chamber 264 such that fluid flow therebe-
tween during use of electrochemical-based analytical test
strip 100 1s prevented.

It should be noted that in the embodiments depicted in
FIGS. 1-5 the physical barrier 1sland 1s disposed essentially
parallel to the primary tflow direction of a bodily tluid that 1s
filling the first and second capillary sample-receiving cham-
bers. The physical barrier 1sland, therefore, does not prevent
bodily fluid from filling the first and second capillary sample-
receiving chambers but rather prevents bodily fluid that has
entered either of the capillary sample-receiving chambers
from entering the other capillary sample-recerving chamber.

In the perspective of FIG. 4, first and second capillary
sample-receiving chambers 262 and 264 have a height of
approximately 100 um, a width 1n the range of approximately
1.45 mm to 1.65 mm, and a pitch of approximately 2.55 mm.
The abrupt change 1n vertical dimension that creates the stop
junctions 1s an additional height of approximately 100 um.

Patterned conductor layer 140, including electrodes 140aq,
of electrochemical-based analytical test strip 100 can be
formed of any suitable conductive material including, for
example, gold, palladium, platinum, indium, titanium-palla-
dium alloys and electrically conducting carbon-based mate-
rials including carbon inks. Referring 1n particular to FIG. S,
clectrode exposure window 180 of patterned nsulation layer
160 exposes three electrodes 140a 1n the lower portion of the
FIG. (for example, a counter/reference electrode and first and
second working electrodes) configured for the electrochemi-
cal determination of an analyte (glucose) 1 a bodily flmd
sample (whole blood). Electrode exposure window 180 also
exposes two electrodes (1n the upper portion of the FIG.)
configured for the determination of haematocrit 1n whole
blood. The determination of haematocrit using electrodes of
an analytical test strip 1s described 1n, for example, U.S.

Patent Application Nos. 61/581,100; 61/581,097; 61/381,
089; 61/530,795 and 61/530,808, each of which 1s hereby
incorporated 1n full by reference.

During use, a bodily flmd sample 1s applied to electro-
chemical-based analytical test strip 100 and fills both the first
and second capillary sample-recerving chambers by capillary
action and, thereby, operatively contacts the electrodes dis-
posed 1n the first and second capillary sample-recerving,
chambers. Referring to FIG. 3 in particular, first capillary
sample-receiving chamber 262 has at least one sample appli-
cation opening (namely two openings 270a and 2705) and
second capillary sample-recerving chamber 264 has at least
one sample application opening (namely, two sample appli-
cation openings 272a and 272b). Each of the first and second
capillary sample-recerving chambers are configured such that
a sample can be applied and {ill both of the capillary sample-
receiving chambers from either the left-hand side (using
sample application openings 270a and 272a) of the analytical
test strip or the right-hand-side (using sample application
openings 2706 and 272b). In erther circumstance, the sample
application opening of the first capillary sample-receiving
chamber and the sample application opening of the second
capillary sample-recerving chamber are juxtaposed such that
a single bodily fluid sample can be simultaneously applied
thereto.
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In the embodiments of FIGS. 1-5, physical barrier 1sland
220a has a width that 1s less than the width of the electro-
chemical-based analytical test strip (see FIG. 3 1n particular,
where “width” 1n this context refers to a horizontal dimension
in the perspective of FIG. 3). In other words, although physi-
cal barrier 1sland 220q 1s disposed longitudinally along the
first and second capillary sample-recerving chambers, the
physical barrier 1sland does not extend to the lateral edges of
the electrochemical-based analytical test strip.

The aforementioned lesser width and disposition of physi-
cal barrier 1sland 220a serves define a first shared sample
entry chamber 274 at the first sample application opening
2'70a of the first capillary sample-receiving chamber 262 and
the first sample application opening 272a of the second cap-
illary sample-receiving chamber 264, and a second shared
sample entry chamber 276 at the second sample application
opening 2705 of the first capillary sample-receiving chamber
262 and the second sample application opening 2725 of the
second capillary sample-recerving chamber 264. For clarity,
the area of first and second shared sample entry chambers 274
and 276 1s shown with cross-hatching in FIG. 3.

First shared sample entry chamber 274 and second shared
sample entry chamber 276 are beneficial 1n that, for example,
an applied bodily fluid sample can more easily overcome
surface tension forces to fill a such a single shared sample
entry chamber (and subsequently fill the first and second
capillary sample-recerving chambers), as opposed to over-
coming the surface tension of two separate sample entry
chambers. In addition, the width (in this context the vertical
direction of FIG. 3) of eitther of the first and second shared
sample entry chambers 1s greater than the width of either of
the first or second sample application openings and 1s also
greater than the sum of the widths of both of the first sample
application openings or the sum of the widths of both of the
second sample application openings. Therefore, a user can
more easily apply a bodily flmd sample to such relatively
large width 1n comparison to the width of a sample applica-
tion opening of a capillary sample-recerving chamber.

Electrically-insulating substrate layer 120 can be any suit-
able electrically-insulating substrate layer known to one
skilled 1n the art including, for example, a nylon substrate,
polycarbonate substrate, a polyimide substrate, a polyvinyl
chloride substrate, a polyethylene substrate, a polypropylene
substrate, a glycolated polyester (PETG) substrate, or a poly-
ester substrate. The electrically-insulating substrate layer can
have any suitable dimensions including, for example, a width
dimension of about 5 mm, a length dimension of about 27 mm
and a thickness dimension of about 0.35 mm.

Electrically-insulating substrate layer 120 provides struc-
ture to the strip for ease of handling and also serves as a base
tor the application (e.g., printing or deposition) of subsequent
layers (e.g., a patterned conductor layer). It should be noted
that patterned conductor layers employed 1n analytical test
strips according to embodiments of the present invention can
take any suitable shape and be formed of any suitable mate-
rials including, for example, metal materials and conductive
carbon materials.

Patterned 1nsulation layer 160 can be formed, for example,
from a screen printable mnsulating 1nk. Such a screen printable
insulating 1ink 1s commercially available from Ercon of Ware-
ham, Mass. U.S.A. under the name “Insulayer.”

Patterned spacer layer 220 can be formed, for example,
from a screen-printable pressure sensitive adhesive commer-
cially available from Apollo Adhesives, Tamworth, Statford-
shire, or other suitable materials such as, for example, poly-
ester and polypropylene. The thickness of patterned spacer
layer 220 can be, for example 75 um. In the embodiment of
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FIGS. 1 through 5, patterned spacer layer 220 defines an outer
wall of the first and second capillary sample-recerving cham-
ber 280.

Hydrophilic layer 240 can be, for example, a clear film with

hydrophilic properties that promote wetting and filling of 5

clectrochemical-based analytical test strip 100 by a flmd
sample (e.g., a whole blood sample). Such clear films are
commercially available from, for example, 3M of Minneapo-
l1s, Minn. U.S. A, and Coveme (San Lazzaro di Savena, Italy).
Hydrophilic layer 240 can be, for example, a polyester film
coated with a surfactant that provides a hydrophilic contact
angle of less than 10 degrees. Hydrophilic layer 240 can also
be a polypropylene film coated with a surfactant or other
surface treatment, e.g., a MESA coating. Hydrophilic layer
240 can have a thickness, for example, of approximately 100
L.

Enzymatic reagent layer 200 can include any suitable
enzymatic reagents, with the selection of enzymatic reagents
being dependent on the analyte to be determined. For
example, 11 glucose 1s to be determined 1n a blood sample,
enzymatic reagent layer 200 can include a glucose oxidase or
glucose dehydrogenase along with other components neces-
sary for functional operation. Enzymatic reagent layer 200
can 1mnclude, for example, glucose oxidase, tri-sodium citrate,
citric acid, polyvinyl alcohol, hydroxyl ethyl cellulose, potas-
sium ferrocyanide, antifoam, cabosil, PVPVA, and water.
Further details regarding enzymatic reagent layers, and elec-
trochemical-based analytical test strips 1n general, are 1n U.S.
Pat. Nos. 6,241,862 and 6,733,655, the contents of which are
hereby fully incorporated by reference.

Top layer 260 can be formed of any suitable mater includ-
ing, for example, polyester materials, polypropylene materi-
als, and other plastic materials. Top layer 260 can have a
thickness, for example of approximately 50 um.

Electrochemical-based analytical test strip 100 can be
manufactured, for example, by the sequential aligned forma-
tion of patterned conductor layer 140, patterned insulation
layer 160, enzymatic reagent layer 200, patterned spacer
layer 220, hydrophilic layer 240 and top layer 260 onto elec-
trically-insulating substrate layer 120. Any suitable tech-
niques known to one skilled 1n the art can be used to accom-
plish such sequential aligned formation, including, for
example, screen printing, photolithography, photogravure,
chemical vapour deposition and tape lamination techniques.

FIG. 6 15 a flow diagram depicting stages 1n a method 600
for determining an analyte (such as glucose) 1n a bodily fluid
sample (for example, a whole blood sample) and/or a char-
acteristics of the bodily flmd sample (e.g., hematocrit)
according to an embodiment of the present invention. Method
600 includes (see step 610 of FIG. 6) applying a bodily fluid
sample to an analytical test strip such that the applied bodily
fluid sample fills a first capillary sample-recerving chamber
and a second capillary sample-receiving chamber of the ana-
lytical test strip and 1s prevented from tlowing between the
first capillary sample-recerving chamber and the second cap-
illary sample-recerving chamber by a physical barrier 1sland
of the analytical test strip.

Method 600 also includes measuring a first response of the
analytical test strip ({or example an electrochemical response
from electrodes 1n the first capillary sample-receiving cham-
ber) and determining an analyte 1n the bodily fluid sample 1s
determined based on the first measured electrochemical
response (see steps 620 and 630 of FIG. 6).

In steps 640 and 650 of method 600 also includes, measur-
ing a second response of the analytical test strip (for example,
an electrical response from electrodes 1n the second capillary
sample-receiving chamber) and determining a characteristic
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of the bodily fluid sample based on the second measured
response. The measuring and determination steps described
above can, i desired, by performed using a suitable associ-
ated meter and measurement steps 620 and 630 can be per-
formed 1n any suitable sequence or 1n an overlapping manner.

Once apprised of the present disclosure, one skilled in the
art will recognize that method 600 can be readily modified to
incorporate any of the techniques, benefits and characteristics
of analytical test strips according to embodiments of the
present invention and described herein.

While preferred embodiments of the present mmvention
have been shown and described herein, it will be obvious to
those skilled in the art that such embodiments are provided by
way of example only. Numerous variations, changes, and
substitutions will now occur to those skilled in the art without

departing from the mvention. It should be understood that
various alternatives to the embodiments of the invention
described herein may be employed 1n practicing the imven-
tion. It 1s intended that the following claims define the scope
of the mvention and that devices and methods within the
scope of these claims and their equivalents be covered
thereby.

What 1s claimed 1s:

1. An analytical test strip for the determination of an ana-
lyte 1n a bodily fluid sample, the analytical test strip compris-
ng:

an electrically msulating substrate layer;

at least one reference electrode and a plurality of working
clectrodes, all of which are disposed on the electrically
insulating substrate layer;

an enzymatic reagent layer disposed over at least one of,
but not all of the working electrodes;

a first capillary sample-recerving chamber;

a second capillary sample-recerving chamber;

a physical barrier 1sland disposed between the first capil-
lary sample-receiving chamber and the second capillary
receiving chamber, and

wherein the physical 1sland barrier 1s disposed such that
bodily flmd sample flow between the first capillary
sample-recerving chamber and the second capillary
sample-recerving chamber during use of the analytical
test strip 1s prevented.

2. The analytical test strip of claim 1 wherein the first
capillary sample receiving chamber has at least one sample
application opening and the second sample recerving cham-
ber has at least one sample application opening, and

wherein the sample application opening of the first capil-
lary sample-recerving chamber and the sample applica-
tion opening of the second sample-receiving chamber
are juxtaposed such that a single bodily fluid sample can
be simultaneously applied thereto.

3. The analytical test strip of claim 1 wherein the first
capillary sample-recerving chamber has a first sample appli-
cation opeming and a second sample application opening and
wherein the second sample-receiving chamber has a first
sample application opening and a second sample application
opening.

4. The analytical test strip of claim 3 wherein the physical
barrier 1sland extends longitudinally along the first capillary
sample-receiving chamber and the second capillary sample-
receiving chamber.

5. The analytical test strip of claim 4 wherein the physical
barrier 1sland 1s disposed such that:

a first shared sample entry chamber 1s defined at the first

sample application opening of the first capillary sample-
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receiving chamber and the first sample application open-
ing of the second capillary-sample recerving chamber,
and

a second shared sample entry chamber 1s defined at the
second sample application opening of the first capillary
sample-receiving chamber and the second sample appli-

cation opening of the second capillary sample-receiving
chamber.

6. The analytical test strip of claim 5 wherein a width of the

first shared sample entry chamber 1s greater than the sum of 10

widths of the first sample application opening of the first
capillary sample-receiving chamber and the first sample
application opening of the second capillary-sample receiving
chamber, and
wherein a width of the second shared sample entry cham-
ber 1s greater than the sum of widths of the second
sample application opening of the first capillary sample-

5
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8

receiving chamber and the second sample application
opening of the second capillary-sample receiving cham-
ber.

7. The analytical test strip of claim 1 wherein the analytical
test strip 1s configured as an electrochemical-based analytical
test strip.

8. The analytical test strip of claim 1 wherein the bodily
fluid sample 1s a whole blood sample.

9. The analytical test strip of claim 1 wherein the analyte 1s
glucose.

10. The analytical test strip of claim 1 wherein the analyte
1s glucose and the analytical test strip 1s configured to deter-
mine the analyte 1n a bodily fluid sample mtroduced to the
first capillary sample-receiving chamber and hematocrit of a
bodily fluid sample introduced into the second capillary
sample-recerving chamber.
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